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Design, synthesis, and evaluation of new chemosensitizers in 
multi-drug-resistant Plasmodium falciparum. 

Guan J, Kyle DE, Gerena L, Zhang Q, Milhous WK, Lin A J. 

Division of Experimental Therapeutics, Walter Reed Army Institute of 
Research, 503 Robert Grant Avenue, Silver Spring, MD 20910, USA. 



A series of new chemosensitizers (modulators) against chloroquine-resistant 
Plasmodium falciparum were designed and synthesized in an attempt to 
Related Resources fabricate modulators with enhancing drug-resistant reversing efficacy and 

minimal side effects. Four aromatic amine ring systems-phenothiazine, 
iminodibenzyl, iminostilbene, and diphenylamine-were examined. Various 
tertiary amino groups including either noncyclic or cyclic aliphatic amines 
were introduced to explore the steric tolerance at the end of the side chain. 
The new compounds showed better drug-resistant reversing activity in 
chloroquine-resistant than in mefloquine-resistant cell lines and were 

generally more effective against chloroquine-resistant P. falciparum isolates 

from Southeast Asian (W2 and TM9TC235) than those from South America 

(PC49 and RCS). Structure-activity relationship studies revealed that 
-- _.. elongation of the ;alkyl side chain of the molecule retained the 

chemosensitizing activity, and analogues with four-carbon side chains 
showed superior activity. Furthermore, new modulators with phenothiazine 
ring exhibited the best chemosensitizing activity among the four different 
ring systems examined. Terminal amino function has limited steric tolerance 
as evidenced by the dramatic lose of the modulating activity, when the size o: 
substituent at the amino group increases. The best new modulator 
synthesized in this study possesses all three optimized structural features, 
which consist of a phenothiazine ring and a pyrrolidinyl group joined by a 
four-carbon alkyl bridge. The fractional inhibitory concentration (FIC) index 
of the best compound is 0.21, which is superior to that of verapamil (0.51), 
one of the best-known multi-drug-resistant reversing agents. Some of the 
analogues displayed moderate intrinsic in vitro antimalarial activity against a 
W-2 clone of P. falciparum. 
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Flunarizine and verapamil inhibit chloroquine-resistant 
Plasmodium falciparum growth in vitro. 

Satayavivad J, Wongsawatkul O, Bunnag D, Tan-ariya P, Brockelman 
CR. 

Department of Pharmacology, Faculty of Science, Mahidol University, ' 
Bangkok, Thailand. 

Using pharmacological properties in relation to the biochemistry of P. 
falciparum, verapamil, flunarizine, and chlorpromazine which are calcium 
blockers were selected to test for their antimalarial activity against P. 
falciparum in vitro. Results revealed that the drugs inhibited parasite 
population growth in the following order of IC50: verapamil 1 X 10(-6) M, 
chlorpromazine 3.5 X 10(-6) M, and flunarizine 5 X 10(-6) M. These three 
calcium blockers have antimalarial effects on chloroquine resistant parasite 
(alone T9/94) but are less potent when compared with the efficacy of quinine 
or mefloquine in vitro. 
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Epidemiology of drug-resistant malaria. 

Wongsrichanalai C, Pickard AL, Wernsdorfer WH, Meshnick SR. 

A^ed Forces Research Institute of Medrca, Sciences (AFRIMS), Bangkok, 
Thailand.chansudaw@thai.amedd.army.mil 
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A randomized controlled trial on the efficacy of alternative 
freatmen" regimens for uncomplicated falciparum ma.ana ,n 

Control Programme? 

Rahman MR, Pau. DC, Rashid M, Ghosh A, Banga.i AM, Ja.il MA, 

Faiz MA- 

Department of Medicine, Chittagong Medical College, Chtttagong 4000. 
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We oerformed an open, randomized chemotherapy trial comparing the 

occurred only in the chloroqu.ne group. RII and Rffl parasK MS 
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Artemisinin antimalarials in pregnancy: a prospective 
teatment study of 539 episodes of mu.tidrug-resistant 
Plasmodium falciparum. 

McGready R, Ch. T, Keo NK, Thwai KL, ViUegas L, Ix-oareesuwan S, 
White NJ, Nosten F. 

Shokio Maiaria Research Unit, Mae Sot, Mahidol University, Bangkok, 

Thailand. 
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Department of Nephrology, B.Y.L Nair Hospital and T.N. Medical College 
Mumbai, India, kemneph@vsnl.com 

BACKGROUND: We have noticed a recent rise in the incidence and severity 
of acute renal failure (ARF) in malaria. AIM: To study the incidence, severity 
and outcome of ARF in malaria. SETTING and DESIGN: It is a 
retrospective analysis of data of one year from a tertiary medical centre in a 
metropolitan city. MATERIALS AND METHODS: Patients with ARF and 
smear positive malaria were evaluated STATISTICAL ANALYSIS: Results 
were expressed as mean, range and standard deviation. RESULTS: Out of 
402 detected smear positive malaria, 24 had ARF. Eighteen were of the age 
group 21-40 years. Plasmodium falciparum (PF) was detected in 16, 
Plasmodium vivax in three, and mixed infection in five. Non-oliguric ARF 
was seen in 14. Eighteen showed severe ARF (Serum creatinine >5 mg%). 
Twenty-two patients needed dialysis. Prolonged ARF, lasting for 2-6 weeks 
was seen in eight. Seventeen patients recovered completely, while seven 
showed fatal combination of disseminated intravascular coagulation (DIC), 
acute respiratory distress syndrome (ARDS), severe ARF and PF malaria. No 
response was seen to chloroquine and artesunate given alone and twenty 
patients required quinine. CONCLUSION: ARF necessitating dialysis was 
seen in 92% of patients with ARF in malaria. PF infection, severe ARF, DIC 
and ARDS were poor prognostic factors. Resistance was noted to both 
chloroquine and artesunate. 
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